Cytotoxicity induced by inhibition of thioredoxin reductases via multiple signaling pathways: role of cytosolic phospholipase A(2)alpha-dependent and -independent release of arachidonic acid.
The thioredoxin (Trx) system, comprising Trx, the selenoprotein thioredoxin reductase (TrxR), and NADPH, functions as an antioxidant system. Trx has various biological activities including growth control and anti-apoptotic properties, and the Trx system offers a target for the development of drugs to treat and/or prevent cancer. We evaluated the role of TrxR inhibition in the release of arachidonic acid (AA), cell toxicity, and intracellular signaling pathways in L929 mouse fibrosarcoma cells. Treatment with 1-chloro-2,4-dinitrobenzene (DNCB, an inhibitor of TrxR) under conditions involving limited inhibition of TrxR activity in cells, released AA before causing cytotoxicity. Treatment with an inhibitor of p38 kinase, a downstream enzyme of the apoptosis signal-regulating kinase 1 pathway, and pyrrophenone (an inhibitor of alpha-type cytosolic phospholipase A(2), cPLA(2)alpha) partially but significantly decreased the DNCB-induced release of AA and cell death. The responses were much weaker in cPLA(2)alpha knockdown L929 cells. Exogenously added AA showed cytotoxicity. DNCB increased intracellular reactive oxygen species (ROS) levels, and butylated hydroxyanisole (an antioxidant) reduced DNCB-induced ROS formation and cell toxicity but not the phosphorylation of p38 kinase and release of AA. Auranofin, another inhibitor of TrxR having a different formula, released AA resulting in toxicity in L929 cells. DNCB caused the release of AA and cytotoxicity in A549 human lung carcinoma cells, and caused p38 kinase-dependent toxicity in PC12 rat pheochromocytoma cells. Our data suggest that a dysfunctional Trx system triggers multiple signaling pathways, and that the AA released by cPLA(2)alpha-dependent and -independent pathways is important to cytotoxicity. J. Cell. Physiol. 219: 606-616, 2009. (c) 2009 Wiley-Liss, Inc.